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[57] ABSTRACT 

Provided is a method of aligning a substrate pattern on a 
photosensitive surface of a substrate With an image of a 
mask pattern to be formed on the photosensitive surface by 
an exposing radiation ?uX through a projection optical 
system in a projection exposure apparatus, using an align 
ment sensor system detecting a positional relationship 
between the substrate pattern and the image. The method 
includes the steps of moving the photosensitive surface of 
the substrate to a plurality of ?rst positions relative to a focal 
plane at Which a focused image of the mask pattern is to be 
formed through the projection optical system, the plurality 
of ?rst positions being disposed adjacent the focal plane in 
a ?rst direction substantially normal to the focal plane, the 
photosensitive surface of the substrate being substantially 
parallel to the focal plane at each of the ?rst positions; 
outputting calibration signals from the alignment sensor 
system at each of the ?rst positions of the photosensitive 
surface of the substrate, the calibration signals indicating an 
offset amount to be used to calibrate the alignment sensor 
system at each of the ?rst positions; detecting a position of 
the substrate pattern relative to the image of the mask pattern 
to be formed on the substrate using the alignment sensor 
system in accordance With the calibration signals; and 
aligning the substrate pattern With the image of the mask 
pattern to be formed in the focal plane in accordance With 
the detected position of the substrate pattern relative to the 
image of the mask pattern. 

15 Claims, 7 Drawing Sheets 
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METHOD OF MEASURING BASELINE 
AMOUNT IN A PROJECTION EXPOSURE 

APPARATUS 

This application claims the bene?t of Japanese Applica 
tion No. 8-130246, ?led on May 24, 1996, Which is hereby 
incorporated by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to an exposure apparatus, 
and more particularly, to a projection exposure apparatus, 
Which projects and exposes a semiconductor circuit pattern 
or a liquid crystal display element pattern on the reticle onto 
a photosensitive substrate. 

2. Discussion of the Related Art 

Semiconductor integrated circuits or the liquid crystal 
displays are commonly manufactured by repeating several 
times or more the processes of ?lm formation, circuit pattern 
exposure, etching, and the like. For this reason, a projection 
exposure apparatus needs to align an exposing pattern on a 
reticle With the existing pattern on a photosensitive substrate 
(such as a semiconductor Wafer or a glass plate coated With 
a photoresist layer) With high accuracy upon exposure. To 
achieve this, the projection exposure apparatus detects the 
position (and rotation) of the photosensitive substrate 
(Wafer) and the position of the circuit pattern on the reticle 
using various alignment sensors at the time of the pattern 
exposure. 

The optical systems of these alignment sensors are set at 
a predetermined position With respect to a reference point in 
the exposure area of the projection lens PL (for example, the 
center of the exposure ?eld). The predetermined position 
may, hoWever, deviates from the design value due to errors 
in manufacture, temperature variation, and changes in 
dimensions that may occur over time. When the distance 
betWeen this reference point (center of exposure) and a 
reference point in the detection area of the alignment sensor 
(this distance or positional relationship is referred to as 
baseline amount or baseline length) is not knoWn exactly, 
alignment accuracy suffers. Thus, the projection exposure 
apparatus is equipped With a ?ducial mark FM installed at 
the same height as the Wafer to measure the baseline 
amounts for the various alignment optical systems under the 
condition that the surface of the ?ducial mark FM is matched 
With the best imaging plane (conjugate plane to the reticle) 
of the projection lens PL. The baseline amount is measured 
every time the reticle is replaced by a neW one and before the 
?rst pattern is exposed using the neW reticle. 

Additionally, due to the several times or more of the 
repeated processes, such as ?lm formation, circuit pattern 
exposure, etching, and the like, the surface of Wafer typically 
has an area Where several layers of ?lms are laminated and 
an area Where no ?lms are laminated in the course of such 
processes. The thickness of one layer is about 0.1~1 pm, and 
thus the level difference in the Wafer surface (Within one shot 
area) may become as much as a feW pm. 

On the other hand, the focal depth AZ of the projection 
lens PL is in general expressed by :k/(2NA-Na), Where )L is 
the Wavelength of the exposure illumination light, and NA is 
the numerical aperture of the projection lens on the image 
plane side. The projection lens PL having NA about 0.5 has 
been manufactured for use of a KrF excimer laser (>\.=0.248 
pm), and the focal depth AZ for this lens is approximately 
10.50 pm (Width 1.0 pm). When exposure is performed on 
the Wafer that is positioned to the best imaging plane of the 
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2 
projection lens and the level difference on the Wafer is a feW 
pm, the surface level difference of the Wafer exceeds the 
focal depth of 10.50 pm of the best imaging plane (best focal 
plane). In this case, image formation becomes impossible. 
This is a problem especially When exposing contact holes. 

To solve this, Japanese Laid-Open Publication No. 
63-42122 discloses an apparatus Which increases an effec 
tive focal depth by performing multiple exposure of the 
same reticle pattern While elevating the Wafer to tWo to three 
positions in the direction parallel to the optical axis of the 
projection lens PL (multiple level exposure). In addition, 
Japanese Laid-Open Publication No. 5-13305 discloses an 
apparatus Which magni?es the effective focal depth 1.5 to 2 
times by exposing the same reticle While moving the Wafer 
W by an amount of :AZ (focal depth) at a variable speed in 
the Z direction of the projection lens. 

There are, hoWever, cases Where the optical axis of the 
projection lens PL is not precisely telecentric in the image 
space betWeen the projection lens PL and the Wafer W. For 
example, FIG. 5 shoWs the case Where the optical axis OA 
of the projection lens PL is bent (or curved) in the shape of 
a left bracket “<.” 

Suppose that the projection lens PL has the depth of focus 
(DOF) AZ (e.g., about 1.0 pm) and contact holes are exposed 
by moving the Wafer in the Z direction (optical axis 
direction) relative to the best-focus position Zc. Then, as 
shoWn in FIG. 6, Which is a magni?ed vieW of a portion of 
FIG. 5 adjacent the Wafer, the optical axis OA deviates from 
the ideal telecentric optical axis IOA by an amount 61 at the 
best-focus position Zc. On the other hand, When moving the 
Wafer W in the Z direction from the position that is the focal 
depth amount loWer than the best focus position (Zc-AZ) to 
the position that is the focal depth amount higher than the 
best focus position (Zc+AZ), the average displacement 
amount becomes 62. As shoWn in the ?gure, in the case of 
the bent (or curved) optical axis OA, 61 and 62 do not 
coincide With each other. 

In addition, there are also cases Where an optical axis 
forming the reference point in the detection area of an 
alignment sensor also bends into the shape of a left bracket 
“<” betWeen the position Zc-AZ (Which is a focal depth 
amount loWer than the best focus position) and the position 
Zc+AZ (Which is a focal depth amount higher than the best 
focus position). 

Accordingly, if the baseline amount is measured only at 
the best focus position of the projection lens, alignment 
errors occur When exposing contact holes by moving the 
Wafer in the Z direction (optical axis direction). In addition, 
not only in measurement of the baseline amount, but also in 
an enhanced global alignment (EGA), Which statistically 
processes the positions of alignment marks in a plurality of 
predetermined shot areas in the Wafer to determine the 
position of the entire Wafer, these alignment errors are being 
included in the result. 

SUMMARY OF THE INVENTION 

Accordingly, the present invention is directed to a pro 
jection exposure apparatus that substantially obviates the 
problems due to limitations and disadvantages of the related 
art. 

An object of the present invention is to improve the 
accuracy of baseline measurement for alignment sensors and 
the accuracy of EGA measurement in a projection apparatus. 

Another object of the present invention is to provide a 
method of measuring a baseline amount for each of the 
alignment sensors in a projection exposure apparatus, Which 
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is more accurate than the conventional baseline measure 
ment and suitable for exposing contact holes or the like 
through elevating the Wafer in the direction of the optical 
axis of the projection lens PL. 

Additional features and advantages of the invention Will 
be set forth in the description that folloWs, and in part Will 
be apparent from the description, or may be learned by 
practice of the invention. The objectives and other advan 
tages of the invention Will be realiZed and attained by the 
structure particularly pointed out in the Written description 
and claims hereof as Well as the appended draWings. 

To achieve these and other advantages and in accordance 
With the purpose of the present invention, as embodied and 
broadly described, the present invention provides a method 
of aligning a substrate pattern on a photosensitive surface of 
a substrate With an image of a mask pattern to be formed on 
the photosensitive surface by an exposing radiation ?ux 
through a projection optical system in a projection exposure 
apparatus, using an alignment sensor system detecting a 
positional relationship betWeen the substrate pattern and the 
image, the method including the steps of moving the pho 
tosensitive surface of the substrate to a plurality of ?rst 
positions relative to a focal plane at Which a focused image 
of the mask pattern is to be formed through the projection 
optical system, the plurality of ?rst positions being disposed 
adjacent the focal plane in a ?rst direction substantially 
normal to the focal plane, the photosensitive surface of the 
substrate being substantially parallel to the focal plane at 
each of the ?rst positions; outputting calibration signals 
from the alignment sensor system at each of the ?rst 
positions of the photosensitive surface of the substrate, the 
calibration signals indicating an offset amount to be used to 
calibrate the alignment sensor system at each of the ?rst 
positions; detecting a position of the substrate pattern rela 
tive to the image of the mask pattern to be formed on the 
substrate using the alignment sensor system in accordance 
With the calibration signals; and aligning the substrate 
pattern With the image of the mask pattern to be formed in 
the focal plane in accordance With the detected position of 
the substrate pattern relative to the image of the mask 
pattern. 

In another aspect, the present invention provides a method 
of aligning a substrate pattern on a photosensitive surface of 
a substrate With an image of a mask pattern to be formed on 
the photosensitive surface by an exposing radiation ?ux 
through a projection optical system in a projection exposure 
apparatus, the method including the steps of moving the 
photosensitive surface of the substrate to a plurality of ?rst 
positions relative to a focal plane at Which a focused image 
of the mask pattern is to be formed through the projection 
optical system, the plurality of ?rst positions being disposed 
adjacent the focal plane in a ?rst direction substantially 
normal to the focal plane, the photosensitive surface of the 
substrate being substantially parallel to the focal plane at 
each of the ?rst positions; outputting position signals indi 
cating positions of a plurality of alignment marks formed in 
the substrate pattern on the substrate at each of the ?rst 
positions of the photosensitive surface; processing the posi 
tion signals to derive a position of the substrate pattern; and 
aligning the substrate pattern With the image of the mask 
pattern to be formed in the focal plane in accordance With 
the derived position of the substrate pattern in the step of 
processing. 

In another aspect, the present invention provides a base 
line measurement method in a projection exposure apparatus 
for measuring a positional relationship betWeen a ?rst ref 
erence point for an alignment sensor detecting a position of 
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4 
an alignment mark on a photosensitive substrate With respect 
to the reference point and a second reference point in a 
projection area of a projection optical system projecting an 
image of a mask pattern on the photosensitive substrate, the 
baseline measurement method including the steps of detect 
ing a position of a focused image formed through the 
projection optical system; and moving the photosensitive 
substrate relative to the detected position of the focused 
image in a direction substantially parallel to an optical axis 
of the projection optical system adjacent the focused image 
Within a predetermined range While con?rming a position of 
the ?rst reference point for the alignment sensor relative to 
the second reference point in the projection area of the 
projection optical system. 

In another aspect, the present invention provides a posi 
tion determination method for determining a position of a 
photosensitive substrate by measuring positions of a plural 
ity of shot areas on a photosensitive substrate by an align 
ment sensor and by statistically processing the measured 
positions of the shot areas and design positions of the shot 
areas using a least squares method, the position determina 
tion method including the steps of detecting a position of a 
focused image formed through the projection optical system; 
and moving the photosensitive substrate relative to the 
detected position of the focused image in a direction sub 
stantially parallel to an optical axis of the projection optical 
system adjacent the focused image Within a predetermined 
range While con?rming the positions of the plurality of shot 
areas. 

In a further aspect, the present invention provides a 
projection exposure apparatus for use in projecting a focused 
image of a mask pattern onto a photosensitive substrate, the 
apparatus including a projection optical system forming the 
focused image of the mask pattern on the photosensitive 
substrate, the projection optical system having an optical 
axis; a focus detector detecting a position of the image of the 
mask pattern; a driving system for moving the photosensi 
tive substrate relative to the detected position of the focused 
image in a direction substantially parallel to the optical axis 
of the projection optical system Within a predetermined 
range including the position of the focused image; and a 
position detector detecting positions of the photosensitive 
substrate While the photosensitive substrate is moved by the 
driving system Within the predetermined range. 

It is to be understood that both the foregoing general 
description and the folloWing detailed description are exem 
plary and explanatory and are intended to provide further 
explanation of the invention as claimed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying draWings, Which are included to pro 
vide a further understanding of the invention and are incor 
porated in and constitute a part of this speci?cation, illustrate 
embodiments of the invention and together With the descrip 
tion serve to explain the principles of the invention. 

In the draWings: 
FIG. 1 is a schematic vieW of a projection exposure 

apparatus according to a preferred embodiment of the 
present invention; 

FIG. 2 is a plan vieW of a reticle stage RS according to the 
preferred embodiment of the present invention; 

FIG. 3 is a plan vieW of a Wafer stage RW according to the 
preferred embodiment of the present invention; 

FIGS. 4A and 4B are How charts shoWing methods of 
measuring the baseline amount according to the preferred 
embodiment of the present invention; 
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FIG. 5 shows the optical axis of a projection lens in the 
imaging space betWeen the projection lens and a Wafer; and 

FIG. 6 is a magni?ed vieW of the imaging space of FIG. 
5 adjacent the Wafer. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

Reference Will noW be made in detail to the preferred 
embodiments of the present invention, examples of Which 
are illustrated in the accompanying draWings. 

FIG. 1 schematically shoWs a projection exposure appa 
ratus according to a preferred embodiment of the present 
invention. The Z axis is taken in the direction parallel to the 
optical axis of a projection lens PL. The X axis is taken 
parallel to the paper of FIG. 1 in a tWo dimensional plane 
perpendicular to the optical axis, and the Y axis is taken in 
a direction normal to the paper of FIG. 1. Illuminating light 
IL (exposing light) originates from a light source system, 
Which includes a light source (not shoWn), an optical inte 
grator (not shoWn), a dichroic mirror 11, and a condenser 
lens 12. The light IL illuminates the pattern formation 
surface (loWer plane) of a reticle R With a uniform illumi 
nation distribution. The pattern on the reticle R is projected 
onto a Wafer W having a photoresist thereon by this illumi 
nation light IL through the projection lens PL, Whereby the 
photoresist is exposed. 
Operation of Reticle Stage 

Reticle R is held on a reticle stage RS. The reticle stage 
RS is driven With respect to a reticle base (not shoWn) in the 
X direction, Which is the scanning direction. Amobile mirror 
RM 1, Which extends in the Y direction, is mounted on the 
reticle stage RS. A laser beam is emitted from a laser 
interferometer 21 to the mobile mirror RM1 through a 
mirror 22, and hence the X coordinate of the reticle R is 
measured. Although not shoWn in FIG. 1, another mobile 
mirror RM2 is installed together With another laser interfer 
ometer for measuring the position of reticle R in the Y 
direction. 

FIG. 2 is a plan vieW of the reticle R and the reticle stage 
RS as vieWed from the incident direction of the illuminating 
light IL. The mobile mirror RM2, Which extends in the X 
direction, is mounted on the reticle stage RS. A laser beam 
is guided to the mobile mirror RM2, and the Y coordinates 
of the reticle R are thereby measured. 
Operation of the Wafer Stage and Auto Focus 

The Wafer W is held on a Wafer stage WS through a Wafer 
holder (not shoWn in the ?gure). The Wafer stage WS is 
mounted on an XY stage XYS through three or more 
actuators 16 (laminated pieZoelectric device, for example), 
each of Which is movable in the Z direction. A drive circuit 
41 controls these actuators 16. The vertical positioning 
(focal position) of the Wafer stage WS (in the Z direction) is 
performed by adjusting the strokes of the actuators 16 by 
roughly the same amount. The tilt angle of the Wafer stage 
WS around the X and Y axes are controlled by adjusting the 
strokes of the actuators 16 independently. A linear encoder 
17 of an optical type, an electric capacitance type, or the like 
is attached adjacent each actuator to detect the position of 
the Wafer stage WS in the Z direction. 

The XY stage XYS is mounted on an apparatus base (not 
shoWn) through a linear motor or the like to be movable in 
the X and Y directions. In addition, a mobile mirror WM1 
for the X direction and a mobile mirror WM2 for the Y 
direction are ?xed on the Wafer stage WS. In FIG. 1, the 
mobile mirror WM2 for the Y direction is omitted. A laser 
beam from a laser interferometer 23 is guided to these 
mobile mirrors WM1 and WM2 through a mirror 24, and 
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6 
accordingly the X coordinates and the Y coordinates of the 
Wafer W are constantly monitored. FIG. 3 shoWs a plan vieW 
of the Wafer W and the Wafer stage WS as vieWed from the 
projection lens PL side. 

With reference to FIG. 1, on one side of the projection 
lens PL, a focus position detection system (referred to as AF 
sensor) is installed for detecting the position (focus position) 
of the Wafer surface in the Z direction. The AF sensor is 
constructed of a light transmission system (AF in FIG. 1) 
and a light receiving system (not shoWn in FIG. 1). The light 
receiving system is arranged on the opposite side of the light 
transmission system. Light that is insensitive to the photo 
resist (referred to as detection light) is emitted from the light 
transmission system. The detection light illuminates a plu 
rality of slits, and the image of these slits are projected onto 
the Wafer W in the oblique direction With respect to the 
optical axis of the projection lens PL. The light receiving 
system detects the detection light re?ected from the Wafer W 
to determine the height of each slit image on the Wafer 
surface. The strokes of actuators 16 are controlled so as to 
change the position of Wafer W in the Z direction. The AF 
sensor monitors the height of the Wafer surface and com 
pares the detected surface position With a predetermined 
position of the best focus position. Typically, the AF sensor 
outputs a predetermined signal When the detected surface 
position corresponds to the best focus position. Because of 
this, the above operation of detecting the vertical position of 
the Wafer is also referred to as focus position detection. 
Moreover, since the AF sensor has a plurality of detection 
points, the tilt angle of the Wafer W can also be detected. 
Measurement of Baseline Amount for Various Alignment 
Sensors 

In addition, the projection exposure apparatus of the 
present embodiment is equipped With an alignment system 
including various types of optical alignment sensors. 
Speci?cally, a video reticle alignment (referred to as VRA) 
sensor is installed as a through-the-reticle (TTR) type sen 
sor. A laser-step-alignment sensor (LSA sensor) and a laser 
interferometric-alignment sensor (LIA sensor), both of 
Which are through-the-lens (TTL) type, are installed as 
Wafer alignment sensors. Moreover, an off-axis type sensor 
is also installed (FIG. 1). 

In this embodiment, the LIA, LSA, and off-axis sensors 
are installed to detect the position of the Wafer so that the 
Wafer can be aligned With the reticle pattern image formed 
on the exposure area With high accuracy. Each of such Wafer 
alignment sensors has a reference point in its detection areas, 
through Which the Wafer position is determined. On the other 
hand, the VRA sensor is installed to measure the position of 
the reticle pattern image formed on the exposure area 
through the projection optical system (lens). To achieve 
highly accurate alignment of the reticle pattern image With 
the Wafer, it is necessary to obtain the precise positional 
relationship betWeen these reference points of the Wafer 
alignment sensors and a reference point in the reticle pattern 
image formed through the projection optical system (center 
of exposure, for example). This positional relationship is 
referred to as “baseline amount.” 
As shoWn in FIGS. 1 and 3, a ?ducial mark FM is installed 

on the Wafer stage WS at the same height as the Wafer W. A 
VRA mark is formed on the ?ducial mark FM for use of the 
VRA sensor. In addition, various marks for use in measuring 
the baseline amounts of the above-mentioned LSA, LIA, and 
the off-axis type sensors are formed on the ?ducial mark 
FM. These marks are formed at predetermined positions 
With respect to the VRA mark. 

The VRA sensor 37 radiates alignment light having the 
same Wavelength as the exposure light to illuminate through 
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the projection lens the VRA mark (crisscross-shaped mark) 
on the ?ducial mark FM and a VRA mark (crisscross-shaped 
mark) formed on the reticle R. The VRA sensor 37 receives 
the re?ected light With a charge coupled device (CCD) or the 
like and performs image processing. This Way, the VRA 
mark on the ?ducial mark FM and the VRA mark on the 
reticle R are simultaneously observed. The XY stage XYS is 
moved so as to match these VRA marks With each other: 
offsetting the deviation of the one from the other in the X and 
Y directions. Alternatively, the deviation of the VRA mark 
on the ?ducial mark FM from the VRA mark on the reticle 
R in the X and Y directions itself may be measured by the 
CCD and stored in a memory as such. In either Way, the 
VRA sensor measures the position of the reticle pattern 
image or the position of the reference point in the image in 
a coordinate system ?xed to the Wafer stage. This is equiva 
lent to determining the position of the reference point of the 
projection optical system (lens) PL in its exposure area. 
When the VRA mark is observed With the VRA sensor 37, 

a grid-shaped mark on the ?ducial mark FM for use of the 
LIA is positioned such that a laser ?ux of the LIA sensor 
illuminates that grid-shaped mark. Accordingly, the position 
of a reference point of the LIA sensor in its detection area 
can be detected through the laser ?ux from the LIA sensor 
by measuring deviations of the reference point from a 
predetermined position in the X and Y directions. Also in 
this condition, a crisscross-shaped alignment mark for use of 
the off-axis type sensor on the ?ducial mark FM is arranged 
such that light With a broad Wavelength bandWidth illumi 
nates that mark. Accordingly, the position of a reference 
point of the off-axis type sensor in its detection area can be 
derived by detecting the positional deviation of the reference 
point from a predetermined position in the X and Y direc 
tions. Here, the LIA method and the off-axis method detect 
respective sensor marks While the Wafer stage WS is at rest, 
and the LSA method detects the sensor mark While the Wafer 
stage WS is on the move (scanning). A grid-shaped mark for 
use of the LSA is formed on the ?ducial mark FM at a 
predetermined position With respect to the VRA mark. The 
positional deviation of the reference point from a predeter 
mined position is measured through the laser interferometer 
23 in the X and Y directions, and thereby the position of a 
reference point of the LSA sensor in its detection area can be 
derived. 

Once the positions of the above-mentioned reference 
points for alignment sensors are derived, the spacing 
betWeen the reference point of each alignment sensor in its 
detection area and the reference point of the projection 
optical system in its exposure area can be obtained. This 
positional difference is referred to as “baseline amount.” 
BeloW, each alignment sensor Will be explained in detail. 

First, the LSA sensor Will be explained in more detail. The 
laser beam emitted from the laser light source 33 passes 
through the beam splitter 32 and optical elements, such as a 
cylindrical lens and a ?eld stop (both are not shoWn in FIG. 
1). The laser beam is then re?ected at a re?ecting mirror 38 
and enters the projection lens PL. The laser beam is shaped 
into a long extended elliptical spot light and illuminates the 
?ducial mark FM on Which a grid-shaped mark is formed. 
The spot light and the grid-shaped mark are moved relative 
to each other, and at the moment that the spot light illumi 
nates the grid-shaped mark, scattering light and/or diffrac 
tion light are created. The scattering light and/or the diffrac 
tion light thus created go back into the projection lens PL 
and are re?ected by the beam splitter 32. The light re?ected 
at the beam splitter 32 enters the light receiving surface of 
a photoelectric detector 31. The position of the Wafer stage 
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WS is measured at the laser interferometer 23, and the 
position of the reference point of the LSA sensor in its 
detection area can be determined. As stated above, during 
the LSA detection, the Wafer stage WS is on the move 
(scanning). The details of the LSA method are discussed in 
Japanese Laid-Open Publication No. 60-130742, for 
example. 

Next, the heterodyne type LIA sensor Will be explained in 
more detail. Since the components of the LIA sensor are 
similar to that of the LSA sensor, the same reference 
numerals Will be used to describe similar components. A 
laser beam emitted from the laser light source 33 passes 
through a beam splitter 32, and enters a double light beam 
frequency shifter Which generates tWo laser beams With 
different frequency (not shoWn). The laser beams thus 
generated (frequencies f1 and f2) are re?ected at a re?ecting 
mirror 38, enter the projection lens PL, and illuminate a 
grid-shaped mark on the ?ducial mark FM. Since the tWo 
laser beams With different frequencies f1 and f2 are super 
imposed on the grid-shaped mark, an interference pattern 
With beat frequency f1-f2 is generated on the ?ducial mark 
FM and moving in a predetermined direction. This interfer 
ence pattern together With the grid-shaped mark generates 
diffraction light. The diffraction light goes back to the 
projection lens PL and is detected at a photoelectric detector 
31. On the other hand, the laser beams illuminate a reference 
grid-shaped mark installed separately (not shoWn), and 
another diffraction light is created. The diffraction light thus 
created is also received at the photoelectric detector 31, and 
generates at the detector a phase difference betWeen the 
diffraction light from the grid-shaped mark on the ?ducial 
mark FM and the diffraction light from the reference grid 
shaped mark. The position of the reference point of the LIA 
sensor in its detection area is detected by processing this 
phase difference. As stated above, the LIA detection is 
performed While the Wafer stage WS is at rest. The details of 
the LIA method are discussed in Japanese Lid-Open Publi 
cation No. 61-215905. 

Next, a Wafer alignment sensor of the off-axis type Will be 
explained. On the side of the projection lens PL, an off-axis 
optical system that bypasses the projection lens PL is 
attached. In this system, image processing is performed With 
an image processing device 36, and a crisscross shaped 
alignment mark on the ?ducial mark FM is illuminated by 
light With a Wide Wavelength band, such as light of a halogen 
lamp 34. The position of the reference point of the off-axis 
alignment sensor in its detection area is obtained through 
this image processing. 
As an alternative method of deriving the position of the 

reference point of the projection optical system (projection 
lens PL) in its exposure area, a light emitting component 
may be attached in the ?ducial mark FM instead of using the 
VRA sensor 37. For example, the light emitting component 
uses the same exposure light guided from the exposure light 
source through an optical ?ber, and emits the light toWard 
the projection lens PL. A photoelectric detector (not shoWn 
in the ?gure) detects the light that has passed through the 
projection lens PL and the reticle R. Atransparent pattern is 
formed at a predetermined position of the reticle R. When 
the Wafer stage WS is moved in the X direction (or the Y 
direction), the exposure light from the light emitting com 
ponent enters the photoelectric detector at the moment that 
the light passes through the transmission pattern. When this 
takes place, the position of the Wafer stage WS is measured 
by the laser interferometer 23 and thereby the position of the 
reference point in the exposure area of the projection lens PL 
is determined. The details of this measurement are described 
in Japanese Laid-Open Publication No. 63-81818. 
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Using the above-mentioned method, the spacing between 
the reference point of each alignment sensor in its detection 
area and the reference point in the exposure area of the 
projection lens PL, i.e., baseline amount, can be determined. 
Measurement of Baseline Amount for Exposure of Contact 
Holes 

In the present embodiment, When contact holes are 
exposed, the same reticle pattern is exposed on the Wafer W 
While moving the Wafer by an amount +AZ or —AZ in the Z 
direction. The amount AZ can be chosen to the depth of 
focus, as discussed in Japanese Laid-Open Publication No. 
5-13305, hoWever, it may also be determined by other 
factors, such as the NA. (numerical aperture) of the pro 
jection lens PL, the (I value of the illumination system (the 
ratio of the NA. of the illumination system to the NA. of the 
projection lens), and the diameters of contact holes to be 
exposed. The present embodiment assumes that the value of 
AZ be equal to the depth of focus. This amount AZ is stored 
in a main controller 40 (or main computer) or a host 
computer that controls a plurality of exposure apparatuses. 
Alternatively, the amounts AZ’s suited for individual reticles 
forming contact holes may be calculated by the main com 
puter in accordance With various factors described above, 
i.e., the N. A. of the projection lens, the (I value of the 
illumination system, and the diameter of the contact hole to 
be exposed, etc. 

Moreover, in a one-time projection exposure apparatus, 
the contact hole exposure is performed While moving the 
Wafer stage WS to three or more predetermined positions in 
the Z direction, or While moving the Wafer stage at a constant 
speed or at a variable speed. HoWever, With a scanning type 
projection exposure apparatus, suf?cient contact hole expo 
sure can be easily achieved by tilting the Wafer W. In other 
Words, the projected area of the reticle R (the illumination 
slit area, Which is normally smaller than one shot area) is 
tilted toWards the scanning direction (X direction, for 
example) While the shot area portion is scanned. By so 
doing, it becomes possible to expose contact holes With the 
effective focal depth increased tWo to three times. 

Operation of baseline measurement suitable for contact 
hole exposure according to the present embodiment Will be 
explained next. First, light transmission system of the AF 
sensor emits the detection light toWard the ?ducial mark FM. 
The light receiving system of the AF sensor receives the 
detection light re?ected at the ?ducial mark FM, thereby 
detecting the height of the ?ducial mark FM (the position of 
the mark in the Z direction). The Wafer stage WS is elevated 
and tilted to match the surface of the ?ducial mark FM With 
the predetermined best imaging plane (best focal plane). 
(Normally, these operations are automatically conducted: 
hence auto focus sensor.) 

Even When the baseline amount is measured under this 
condition, the measured baseline is not accurate unless the 
optical axis of the projection lens PL and the optical axis of 
the alignment sensor, to Which the baseline amount is 
measured, are precisely telecentric betWeen Z coordinate 
positions Zc-AZ and Zc+AZ. Here, Zc-AZ represents a 
vertical position that is focal depth amount AZ loWer than 
the best focus position, and Zc+AZ represents a position that 
is focal depth amount AZ higher than the best focus position. 
Therefore, after tilting the Wafer W in such a Way that the 
Wafer surface becomes parallel to the projection plane of the 
reticle R and after ?nding the best focal plane, the folloWing 
methods are employed. 
First Method 

In the ?rst method of contact hole exposure, the Wafer 
stage WS is moved in the Z direction to the position Zc-AZ 
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(Which is the focal depth amount loWer than the best focus 
position) and the contact hole exposure is performed there. 
The Wafer stage WS is then moved to the best focus position 
Zc, and the exposure is performed. Finally, the Wafer stage 
WS is moved in the Z direction to the position Zc+AZ 
(Which is the focal depth amount higher than the best focus 
position) and the exposure is performed in this state. This 
Way, an effective focal depth can be increased. 

In this case, by measuring the baseline amounts at these 
three points (Zc-AZ), Zc, (Zc+AZ) and taking an average, an 
average baseline amount more suitable for contact hole 
exposure can be obtained. In other Words, as shoWn in FIG. 
4A, the baseline amount for each of the alignment sensors is 
measured When the Wafer stage WS is moved to a position 
Zc-AZ (Which is the focal depth amount loWer than the best 
focus position). The baseline amount is also measured after 
moving the Wafer stage WS to the best focus position Zc. In 
addition, the baseline amount is measured When the Wafer 
stage WS is moved to the position (Zc+AZ), Which is the 
focal depth amount higher than the best focus position. The 
average of these three baseline amounts can be used as the 
averaged baseline amount of each alignment sensor at the 
time of contact hole exposure. 

This baseline determination is not limited to three posi 
tions Zc-AZ, Zc, Zc+ Z above, but the number of the 
positions in the Z direction, Where the baseline amount is 
measured, may be increased to ?ve (5) to ten (10) points, for 
example. 
Second Method 

In the second method of contact hole exposure, the 
exposure is performed While moving at a constant speed or 
at a variable speed the Wafer stage WS in the Z direction 
from the position (Zc-AZ) to the position (Zc+AZ) to 
increase the effective focal depth. 
The method to derive the averaged baseline amount 

betWeen the position Zc-AZ and the position Zc+AZ is 
shoWn in FIG. 4B. As shoWn in the How chart of FIG. 4B, 
the baseline amount for each of the alignment sensors is 
measured While moving the Wafer stage W5. 
A typical LIA sensor can perform sampling of signals 

every 20 us, assuming the frequency difference betWeen 
double laser beams (beat frequency fl-f2) be 50 kHZ (1/50 
kHZ=20/1S). HoWever, the VRA sensor and the off-axis type 
sensor normally employ an interlacing type image signal 
processing method, and accordingly signals are being 
sampled only every 1/30th of a second. 

Because of these limitations, When attempting to measure 
the baseline amount for the VRA sensor and the off-axis type 
sensor Within the typical time period for the contact hole 
exposure (e.g., 100 ms), the baseline amount can be mea 
sured only tWo to three times. Accordingly, When determin 
ing the average baseline amount for the VRA sensor and the 
off-axis type sensor, it is preferable that the Wafer stage WS 
be moved at a sloWer speed; for example, spending 300 ms 
to 500 ms to move the Wafer stage WS from the position 
Zc-AZ (Which is the focal depth amount loWer than the best 
focus position) to the position Zc+AZ (Which is the focal 
depth amount higher than the best focus position). In so 
doing, a better average baseline amount for each sensor can 
be derived. If the VRA sensor and the off-axis type sensor 
employ a non-interlacing image signal processing method, 
signals can be sampled every 1/60th of a second. It is also 
possible to modify interlacing-type sensors in such a Way as 
to change their sampling rates to 1/60th of a second When the 
baselines are measured. 

In addition, if the photoelectric detector in the VRA 
sensor or the off-axis type sensor is a charge coupled device 
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(CCD), then the average baseline amount can be measured 
by modifying the CCD such that it can continuously store 
charges corresponding to the received light amount up to its 
over-?oW value While the Wafer stage WS moves from the 
position Zc-AZ to the position Zc+AZ. 

Scanning operation is employed in the case of the LSA 
method and in the case of detecting the reference point of the 
projection lens PL in its exposure ?eld by the exposure light 
emitted from the light emission component of the ?ducial 
mark FM. Thus, a single result is obtained by each horiZon 
tal scanning operation. Accordingly, the Wafer stage WS 
cannot be moved vertically during such measurement. In 
these methods, the Wafer stage WS is moved in the Z 
direction upon completing each scan. Thus, the ?rst method 
(FIG. 4A), rather than the second method (FIG. 4B), is 
suitable for the baseline measurement. 
EGA Measurement for Exposure of Contact Holes 

Expansion and contraction may occur in the Wafer W due 
to heat treatment or the like in the course of fabricating 
devices on the Wafer. The XY stage XYS may have some 
deformation in itself, such as orthogonality errors, etc. 
Because of these, each shot area (chip) exposed on the Wafer 
W may not be placed at the predetermined design position. 
To solve this problem, separate alignment for each shot area 
may be performed (referred to as Die by Die alignment or 
D/D). This method has loW throughput, hoWever. To 
improve the throughput, an enhanced global alignment 
method (EGA) has been proposed (see, e.g., Japanese Laid 
Open Publication No. 61-44429). In the EGA, the positions 
of alignment marks are measured only at several shot areas 
among all the shot areas formed in a Wafer by exposure, and 
are compared With the calculated (or design) positions. 
Further, the differences betWeen the measured values and the 
calculated values are statistically processed by the least 
square method. A Weighted EGA, Which assigns some 
appropriate Weights to residual errors, has been proposed as 
another type of EGA method. This method is a half Way 
betWeen the EGA above and the D/D. In these types of EGA, 
the above-mentioned LIA, LSA, and off-axis sensors detect 
the positions of the alignment marks at several shot areas 
selected among all the shot areas exposed on the Wafer. 

In this EGA method, the reference point of each alignment 
sensor in its detection area may not be precisely telecentric 
in the space betWeen the position Zc-AZ (Which is the focal 
depth amount loWer than the best focus position) and the 
position Zc+AZ (Which is the focal depth amount higher 
than the best focus position). To solve this problem, the 
present embodiment measures the positions of alignment 
marks at a plurality of vertical Wafer positions in a similar 
manner to the ?rst and second methods of measuring the 
baseline amount for exposing contact holes described above. 
In other Words, in the ?rst method, the positions of the 
alignment marks at each shot area are measured by each 
alignment sensor at three (3) different vertical positions of 
the Wafer stage WS, and are averaged over the three posi 
tions to derive the averaged EGA values (EGA data) to be 
used in the least square method. In the second method, the 
positions of the alignment marks at each shot area are 
measured by the LIA sensor and the off-axis sensor While 
moving the Wafer stage WS in the Z direction at a constant 
speed or at a variable speed, and are averaged to yield the 
EGA values (EGA data) to be precessed by the least square 
method. This Way, accurate or preferable measured values 
can be obtained. 

According to the present invention, since the baseline 
amounts is measured in advance through moving the refer 
ence mark Within the predetermined range in the direction of 
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the optical axis, a baseline measurement that is suited for the 
exposure of the contact hole in the case of moving the Wafer 
W Within that predetermined range in the direction of the 
optical axis can be obtained. 

Furthermore, the position determination method for sta 
tistical processing of the position determination of the Wafer 
W by the least-square method includes a process for detect 
ing the best focus position of the projection lens, and a 
process to move the Wafer W or the best focus position in the 
direction of the optical axis of the projection lens Within the 
predetermined range (:AZ) from the best focus position (Zc) 
While con?rming the positions of the plurality of shot areas. 

Accordingly, accurate or preferable values, Which are 
more suited for the exposure of the contact hole than the 
simple statistical processing of the position determination of 
the Wafer W using the least-square method, can be obtained. 

Further, the projection exposure apparatus comprises an 
AF sensor Which detects the best focus position (Zc) of the 
projection lens, and a driving system (a drive circuit 41 and 
actuators 16, for example) Which drive the Wafer W or the 
best focus position (Zc) in the direction of the optical axis (Z 
axis direction) of the projection lens PL Within the prede 
termined range (:AZ) from the detected best focus position 
(Zc), and an alignment sensor Which detects the position of 
the Wafer W at the time the Wafer W or the best focus 
position is moved Within the predetermined range (:AZ). 
The predetermined range (:AZ) can be chosen to be the 
same as the amount that the Wafer W is moved in the 
direction of the optical axis of the projection lens at the time 
the projection exposure apparatus exposures the contact 
hole. 

In the embodiment above, the Wafer stage WS is moved 
from the position Zc-AZ to the position Zc+AZ. Movement 
in the reverse direction is also possible as it is obvious. 

In the above embodiment, description Was provided as if 
the baseline amounts for all the alignment sensors needs to 
be measured. In actuality, this is not necessary and one 
alignment sensor may be selected for the baseline amount 
measurement depending on the particular layered structure 
of the Wafer W being exposed. For example, the baseline 
measurement only for the LSA sensor is sufficient in some 
occasion, and omitting baseline measurement for the other 
sensors leads to saving time. The measurement of the 
positions of the alignment marks for each shot area in the 
EGA method may be performed in a similar manner. 

Further, in the above embodiment, the Wafer stage WS is 
moved vertically (in the Z direction). Alternately, an effec 
tive focal depth for exposing contact holes can be increased 
by changing the focal position of the projection lens PL 
itself. In this case, the baseline amount needs to be measured 
at each focal position. For example, the folloWing tWo 
methods can be used to change the focal position: (1) 
moving the focusing lens in the direction of the optical axis, 
and (2) sealing a predetermined air chamber (e.g., the space 
betWeen nth lens and n+1th lens among a plurality of lenses) 
Within the projection lens PL, and adjusting the pressure in 
such an air chamber to change the focal position of the 
projection lens PL. In these cases, the average baseline 
amount can be obtained in a similar manner to that in the 

above embodiment, i.e., by averaging the baseline amounts 
measured betWeen the position Zc-AZ (Which is the focal 
depth amount loWer than the best focus position) and the 
position Zc+AZ (Which is the focal depth amount higher 
than the best focus position). 
The above description has mostly assumed a one-time 

projection exposure apparatus employing a step and repeat 
exposure scheme. Nonetheless, the above-mentioned mea 
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surement of the baseline amount and the determination of 
the EGA data for use in the least-square method can be 
applied even to a scanning type projection exposure 
apparatus, and superior results can be obtained. Also, the 
present invention is embodied above for the case of expos 
ing contact holes. HoWever, the present invention is gener 
ally effective When the depth of focus needs to be increased 
for the projection lens. 

It Will be apparent to those skilled in the art that various 
modi?cations and variations can be made in the projection 
exposure apparatus and the method of measuring the base 
line amount of the present invention Without departing from 
the spirit or scope of the invention. Thus, it is intended that 
the present invention cover the modi?cations and variations 
of this invention provided they come Within the scope of the 
appended claims and their equivalents. 
What is claimed is: 
1. A baseline measurement method in a projection expo 

sure apparatus for determining a baseline amount suitable 
for multiple-level exposure of a photosensitive substrate, a 
baseline amount representing a positional relationship 
betWeen a ?rst reference point for an alignment sensor for 
detecting a position of an alignment mark on the photosen 
sitive substrate With respect to the reference point and a 
second reference point in a projection area of a projection 
optical system for projecting an image of a mask pattern on 
the photosensitive substrate, the baseline measurement 
method comprising the steps of: 

detecting a position of a focused image formed through 
the projection optical system; 

moving the photosensitive substrate relative to the 
detected position of the focused image in a direction 
substantially parallel to an optical axis of the projection 
optical system, the photosensitive substrate being 
moved to a plurality of predetermined positions adja 
cent the focused image; 

detecting a position of the ?rst reference point for the 
alignment sensor relative to the second reference point 
in the projection area of the projection optical system at 
each of the plurality of predetermined positions as a 
baseline amount at that position; and 

processing data representing the baseline amounts 
detected at the plurality of predetermined positions to 
derive an optimum baseline amount suitable for the 
multiple-level exposure of the photosensitive substrate. 

2. The baseline measuring method according to claim 1, 
Wherein the step of moving further includes the step of 
holding the photosensitive substrate at each of the plurality 
of predetermined positions relative to the focused image. 

3. The baseline measuring method according to claim 1, 
Wherein the step of moving includes the step of continuously 
moving the photosensitive substrate relative to the focused 
image. 

4. The baseline measuring method according to claim 1, 
Wherein the step of processing includes averaging the base 
line amounts detected at the plurality of predetermined 
positions to derive an averaged baseline amount as the 
optimum baseline amount. 

5. A position determination method for determining a 
position of a photosensitive substrate to be suitable for 
multiple-level exposure through a projection optical system, 
the position determination method comprising the steps of: 

detecting a position of a focused image formed through 
the projection optical system; 

moving the photosensitive substrate relative to the 
detected position of the focused image in a direction 
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substantially parallel to an optical axis of the projection 
optical system, the photosensitive substrate being 
moved to a plurality of predetermined positions adja 
cent the focused image; 

detecting positions of the plurality of shot areas at each of 
the plurality of predetermined positions; and 

processing data representing the detected positions of the 
plurality of shot areas at the plurality of predetermined 
positions in accordance With the design positions of the 
shot areas to determine the position of the photosensi 
tive substrate suitable for the multiple-level exposure. 

6. The position determination method according to claim 
5, Wherein the step of moving further includes the step of 
holding the photosensitive substrate at each of the plurality 
of predetermined positions relative to the focused image. 

7. The position determination method according to claim 
5, Wherein the step of moving includes the step of continu 
ously moving the photosensitive substrate relative to the 
focused image. 

8. The position determination method according to claim 
5, further comprising the step of exposing the photosensitive 
substrate While moving the photosensitive substrate in the 
direction substantially parallel to the optical axis, Wherein a 
moving path of the photosensitive substrate in the step of 
moving is the same as that for the photosensitive substrate 
in the step of exposing. 

9. The position determination method according to claim 
5, Wherein the step of processing includes processing the 
data representing the detected positions of the plurality of 
shot areas in accordance With the design positions of the shot 
areas using a least-square method. 

10. The position determination method according to claim 
5, Wherein the step of processing includes the steps of 
averaging the detected position of each of the shot areas over 
the plurality of predetermined positions to derive an aver 
aged position of each of the shot areas and processing data 
representing the averaged positions of the plurality of shot 
areas in accordance With the design positions of the shot 
areas to determine the position of the photosensitive sub 
strate suitable for the multiple-level exposure. 

11. The position determination method according to claim 
10, Wherein the step of processing the data representing the 
averaged positions of the plurality of shot areas includes 
processing data representing the averaged positions of the 
plurality of shot areas in accordance With the design posi 
tions of the shot areas using a least-square method. 

12. A method for determining an optimum baseline 
amount for an alignment sensor in an exposure apparatus for 
multiple-level exposure in Which a photosensitive substrate 
is exposed at a plurality of positions disposed along an 
optical axis of the exposure apparatus adjacent to a best 
focused image, a baseline amount representing a positional 
relationship betWeen a reference point With respect to Which 
the alignment sensor detects a position of an alignment mark 
on the photosensitive substrate and a position of an image to 
be formed on the photosensitive substrate by the exposure 
apparatus, the method comprising the steps of: 
moving a ?ducial mark relative to the best focused image 

in a direction substantially parallel to the optical axis of 
the projection optical system, the ?ducial mark being 
moved to a plurality of vertical positions adjacent to the 
best focused image; 

at each of the plurality of vertical positions of the ?ducial 
mark, detecting the ?ducial mark through the alignment 
sensor to derive a baseline amount representing a 
position of the reference point of the alignment sensor 
relative to the position of the image Which Would be 
formed on the photosensitive if located at that vertical 
position; and 
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processing data representing the baseline amounts 
detected at the plurality of vertical positions of the 
?ducial mark to derive the optimum baseline amount 
suitable for multiple-level eXposure of the photosensi 
tive substrate. 

13. The method according to claim 12, Wherein the step 
of moving further includes the step of holding the ?ducial 
mark at each of the plurality of vertical positions relative to 
the best focused image. 

16 
14. The method according to claim 12, Wherein the step 

of moving includes the step of continuously moving the 
?ducial mark relative to the best focused image. 

15. The method according to claim 12, Wherein the step 
of processing includes averaging the baseline amounts 
detected at the plurality of vertical positions to derive an 
averaged baseline amount as the optimum baseline amount. 

* * * * * 


